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FOREWORD

The work reported herein was sponsored by the National Acronautics and Space
Administration (NASA), Marshall Space Flight Center (MSFC) (PM-EP-)), under System
921E, Project 9194,

The results of the tests presented were obtuined by ARO, Inc. (a subsidiary of
Sverdrup & Parcel and Associates, Inc.), contract operator of the Arnold Engineering
Development Center (AEDC), Air Force Systems Command (AFSC). Arnold Air Force
Station, Tennessee. under Contract F40600-69-C-0001. Program direction was provided by
NASA/MSFC, technical and engineering limison was provided by North American
Rockwell Corporation, Rocketdyne Division, manufacturer of the J-2S rocket engine. and
McDonnell Douglas Astronautics Company, manufacturer of the S-IVB stage. The testing
reported herein was conducted on April 2, May 6, and May 9, 1969, in Rocket
Development Test Cell (J-4) of the Rocket Test Facility (RTF) under ARO Project No.
KA1902. The manuscript was submitted for publication on January 9, 1970.

Information in this report is embargoed under the Department of State
International Traffic in Arms Regulations. This report may be released to foreign
governments by departments or agencies of the U. S. Government subject to approval of
NASA, Marshall Space Flight Center (PM-EP-J), or higher authority. Private individuals or
firms require a Department of State export license.

This technical report has been reviewed and is approved.

Walter C. Knapp Roy R. Croy, Jr.
Lt Colonel, USAF Colonel, USAF
AF Representative, RTF Director of Test

Directorate of Test
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ABSTRACT

Six firings of the Rocketdyne J-2S rocket engine were conducted in Test Cel) J-4
of the Rocket Test Facility on Apnl 2, May 6, and May 9, 1969 These finngs were
accomplished during test periods J4-1902-08, -11, and -12 at pressure altitudes at engine
start ranging from 80,500 to 101,500 fi. Objectives were to develop high-thrust 1dle-mode
operation capability and to develop transition capability from high-thrust idle mode to
main stage without utilization of the solid-propellant turbine starter. The first attempt at
high-thrust idle-mode operation (firing 08A) was not successful; however, during test
periods 11 and 12 transition was accomplished from low- to high-thrust (approximately
4000- to 50,000-ibf thrust) idle mode and from high-thrust idle mode to mamn stage
during firing 12C.

This document is subject to special export controls and
each transmittal to foreign governments or foreign
nationals may be made only with prior approval of
NASA, Marshall Space Flight Center (PM-EP.J), Hunts-
ville, Alabama 35812.
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SECTION |
INTRODUCTION

Testing of the Rocketdyne J-2S rocket engine using an S-IVB battleship stage has
been in progress at AEDC since December 1968 Reported heremn are the results of Gx
firings conducted during test periods J14-1902-08, -11, and -12, on April 2, May 6, and
May 9, 1969, respectively. The engine serial number for test perniod 08 was J-112-1, for
test period 11 was J-112-1B, and for test period 12 was J-112-1C. The major objectives
for these test periods were (1) to develop high-thrust (50,000-1bf) 1dle-mode capability
and (2) to develop transition capability from high-thrust idle mode to main-stage
operation without utilization of a solid-propellant turbine starter.

The firings reported herein were accomplished in Propulsion Engine Test Cell (J-4)
(Figs. 1 and 2, Appendix 1) of the Large Rocket Facility (LRF). The firings were
accomplished at pressure altitudes ranging from approximately 80,500 to 101,500 ft
(geometric pressure altitude, z, Ref. 1) at engine start. Data collected to accomplish the
test objectives are presented herein. The results of the previous test periods are presented
in Refs. 2 and 3.

SECTION Il
APPARATUS

2.1 TEST ARTICLE

The test article was a J-2S rocket engine (Fig. 3) designed and developed by
Rocketdyne Division of North American Rockwell Corporation. The engine uses liquid
oxygen and liquid hydrogen as propellants and is designed to operate either in idle mode
at a nominal thrust of S000 Ibf and mixture ratio of 2.5 or at main stage at any
precalibrated thrust level between 230,000 and 265,000 Ibf at a mixture ratio of 5.5. The
engine design is capable of transition from idle-mode to main-stage operation after a
minimum of 1-sec idle mode; from main stage the engine can either be shut down or
make a transition back to idle-mode operation before shutdown. An S-IVB battleship
stage was used to supply propellants to the engine. A schematic of the battleship stage is
presented in Fig. 4.

Listings of major engine components and engine orifices for this test period are
presented in Tables I and II, respectively (Appendix II). All engine modifications and
component replacements performed during this report period are presented in Tables Il
and IV, respectively.

2.1.1 J-2S Rocket Engine

The J-2S rocket engine (Figs. 3 and 5, Ref. 4) features the following major
components:

1. Thrust Chamber—The tubular-walled, bell-shaped thrust chamber
consists of an 18.6-in.-diam combustion chamber with a throat
diameter of 12.192 in., a characteristic length (L*) of 35.4, and a

1
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divergent nozzle with an expansion ratio of 39 62 {Thrust chamber
length (from the myector flange to the noszle exat) 15 108 6 1in Coohng
iv accomplished by the crculation ot engine tuel flow downward trom
the fuel manifold through 180 tubes and then upward through 360
tubes to the myector and by film cooling mside the combustion
chamber.

Thrust  Chamber Injector The imjector & concentric-onficed
(concentric fuel orifices around the oxidizer post orifices), porous-faced

injector Fuel and oxidizer injector orifice areas are 9.2 and 59 n 2,

respectively  The oxidizer portion is compartmentalized. the outer
compartment supplying oxidizer during main-stage operation only. The
porous material, formung the injector face, allows approximately 3.5
percent of main-stage fuel flow to transpiration cool the face of the
inyector.

. Augmented Spark Igniter -The augmented spark igniter unit is mounted

on the thrust chamber injector and supplies the initial energy source to
ignite propellants in the main combustion chamber. The augmented
spark 1gniter chamber is an integral part of the thrust chamber njector.
Fuel and oxidizer are ignited in the combustion area by two spark

plugs.

Fuel Turbopump-The fuel turbopump is a one and one-half stage,
centrifugal-flow unit, powered by a direct-drive, two-stage turbine. The
pump is self lubricated and nominally produces, at the
265.000-1bf-thrust rated condition, a head rise f 60,300 ft of liquid
hydrogen at a flow rate of 9750 gpm for a rot.. speed of 29,800 rpm.

. Oxidizer Turbopump-—The oxidizer turbopump is a single-stage.

centrifugal-flow unit, powered by a direct-drive, two-stage turbine. The
pump s self [Iubricated and nominally produces, at the
265,000-1bf-thrust rated condition, a head rise of 3250 it of liquid
oxygen at a flow rate of 3310 gpm for a rotor speed of 10,500 rpm.

. Propellant Utilization Valve~Thc motor-driven propellant utilization

valve is a sleeve-type valve mounted on the oxidizer turbopump and
bypasses liquid oxygen from the discharge to the inlet side of the
pump to vary engine mixture ratio.

. Main Oxidizer Valve—The main oxidizer valve is a pneumatically

actuated, two-stage, butterfly-type valve located in the oxidizer high
pressure duct between the turbopump and the injector. The first-stage
actuator positions the main oxidizer valve at the 12-deg position to
obtain initial main-stage-phase operation; the second-stage actuator
ramps the main oxidizer valve full open to accelerate the engine to the
mainestage operating level.
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8. Mamn Fuel Valve FPhe man fuel valve s a pneumatically actuated
buttertly-type valve located in the tuel high pressure duct between the
tutbopump and the tuel mamtold

9. Pneumatic Contro! Package The pneumatic control package controls all
pocumatically operated engine valves and purges

10. Electrical Control Assembly The electrical control assembly provides i
the electrical logic  required  for  proper sequencig  of  engine
components during operation. The logic requires & mimmmmum of 1-sec
idle-mode operation before transition to main stage

11. Flight Instrumentation Package -The instrumentation package contains
sensors required to monitor critical engine parameters. The package
provides environmental control for the sensors

12. Helium Tank--The helium tank has a volume of 4000 tn 3 and provides
a helium pressure supply to the engine pncumatic control system for
three complete engine operational cycles.

13. Thrust Chamber Bypass Valve—The thrust chamber bypass valve is a
pneumatically operated, normally open, butterfly-type vaive which
allows fuel to bypass the thrust chamber body during idle-mode
operation.

14. ldle-Mode Valve—The idle-mode valve 1s a pneumatically operated
ball-type wvalve which supplies liquid oxyger to the idle-mode
compartment of the thrust chamber injector duning both idle-mode and
main-stage operation.

15. Hot Gas Tapoff Valve—The hot gas tapoff valve is a pneumatically
operated butterfly-type valve which provides on-off control of
combustion chamber gases to drive the propellant turbopumps.

16. Solid-Propellant Turbine Starter—The solid-propellant turbine starter
provides the initial driving energy (transition to main stage) for the
propellant turbopumps to prime the propellant feed systems and
accelerate the turbopumps to 75 percent of their main-stage operating
level. A three-start capability is provided.

2.1.2 S-1VB Battleship Stage

The S-IVB battleship stage, which is mechanically configured to simulate the
S-IVB flightweight vehicle, is approximately 22 ft in diameter and 49 ft long and has a
maximum propellant capacity of 43.000 1b of liquid hydrogen and 194,000 Ib of liquid
oxygen. The propellant tanks, fuel above oxidizer, are separated by a common bulkhead.
Propellant prevalves, in the low pressure ducts (external to the tanks) interfacing the
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stage and engine, retam propellants e the stage untd beng adomitted mto the engine 1o
the mam propellant valves and serve as emiergency engine shutott valves Vent and rchet
valve systems are provided tor both propellint tanks

Pressunization of the tuel and oxidizer tanks was accomplished by tacility systems
wsing hydrogen and hehum, respectively, as the pressurizmg gases  The engine-supphed
aseous fiydrogen and gascous ovygen for fuel and oxidizer tank pressunization during
theght were routed to the respective facility venting systems

2.2 TEST CELL

Propulsion Engine Test Cell J-4, Fig 2,18 a vertically oriented test umt designed
for static testing of hquid-propellant rocket engines and propulsion systems at pressure
altitudes of 100,000 ft. The basic cell construction provides a 1 5-milion-lbf-thrust
capacity  The cell consists of four major components (1) test capsule, 48 ft in diameter
and 82 ft m height, situated at grade level and containing the test article, (2) spray
chamber, 100 ft in duameter and 250 ft in depth, located directly beneath the test
capsule to provide eahaust gas cooling and dehumidification, (3) coolant water, steam.
mtrogen (gaseous and hquid), hydrogen (gaseous and liquid), liquid oxygen. and
gaseous-hehum storage and delwvery systems for operation of the cell and test article. and
(1) cortrol building, containing test article controls, test cell controls, and data acquisition
equipment. Exhaust machinery is connected with the spray chamber and maintains a
minimum test cell pressure before and after the engine firing and exhausts the products
of combustion from the engine firing. Before a firing, the facility steam ejector, in series
with the exhaust machinery, provides a pressure altitude of 100,000 ft in the test
capsule. A detailed description of the test cell is presented in Ref. 5.

The battleship stage and the J-2S engine were oriented vertically downward on
the centerline of the diffuser/steam ejector assembly. This assembly consisted of a
diffuser duct (20 ft in diameter by 150 ft in length), a centerbody steam eiector within
the diffuser duct, a diffuser insert (13.5 ft in diameter by 30 ft in length) :t ‘he inlet to
the diffuser duct, and a gaseous-nitrogen annular ejector above the diffuser insert. The
diffuser insert was provided for dynamic pressure recovery of the engine exhaust gases
and to maintain engine ambient pressure altitude (attained by the steam ejector) during
the engine firing. The annular ejector was provided to suppress steam recirculation into
the test capsule during steam ejector shutdown. The test cell was aiso equipped with (1)
a gaseous-nitrogen purge system for continuously inerting the normal air in-leakage of the
cell. (2) a gaseous-nitrogen repressurization system for raising test cell pressure. after
engine cutoff, tc a level equal to spray chamber pressure and for rapid emergency
nerting of the capsule, and (3) a spray chamber liquid-nitrogen supply and distribution
manifold for initially inerting the spray chamber and exhaust ducting and for increasing
the molecular weight of the hydrogen-rich exhaust products.

2.2 INSTRUMENTATION

Instrumentation systems were provided to measure engine, stage, and facility
parameters. The engine instrumentation was comprised of (1) flight instrumentation for
the measurement of critical engine parameters and (2) facility instrumentation which was
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provided to venty the fthght anstrumentation and to measure additionad  engine
parameters. The  flight instrumentation was provided and cahbrated by the engine
manutacturer, facility instrumentation  was uutially  cabbrated and s penodically
recalibrated at AEDC Appendix 1 contains a hist of all measured engine test parameters
and the locations of selected sensing points

Pressure measurements were made using strain-gage and capacitance-type pressure
transducers. Temperature measurements were  made  using  resistance  temperature
transducers and thermocouples. Oxidizer and 1uel turbopump shaft speeds were sensed by
magnetic pickup. Fuel and oxidizer flow rates to the engine were meuasured by
turbine-type flowmeters which are an integral part of the engine. Engine vibrations were
measured by piezoelectric accelerometers. Primary engine and  stage  valves were
instrumented with linear potentiometers and limit switches.

The data acquisition systems were calibrated by (1) precision electrical shunt
resistance substitution for the presswie transducers and resistance temperature transducer
units, (2) voltage substitution for the thermocouples, (3) frequency substitution for shaft
speeds and flowmeters, and (4) frequency-voltage substitution for accelerometers and
capacitance-type pressure transducer.

The types of data acquisition and recording systems used durirg this test period
were (1) a multiple-input digital data acquisition system scanning each parameter at 50
samples per second and recording on magnetic tape, (2) single input, continuous-recording
FM systems recording on magnetic tape, (3) photographically recording galvanometer
oscillographs, (4) direct-inking, null-balance, potentiometer-type X-Y plotters and strip
charts, and (5) optical data recorders. Applicable systems were calibrated before each test
(atmospheric and altitude calibrations). Television cameras, in conjunction with video
tape recorders, were used to provide visual coverage during an engine firing, as well as for
replay capability for immediate examination of unexpected events.

2.4 CONTROLS

Control of the J-2S engine, battleship stage, and test cell systems dinng the
terminal countdown was provided from the test cell control room. A facility control logic
network was provided to interconnect the engine control system, major stage systems. the
engine safety cutoff system, the observer cutoff circuits, and the countdown sequencer. A
schematic of the engine start control logic is presented in Fig. 6. The sequence of engine
events for start and shutdown is presented in Figs. 7a and b. The engine was modified for
this series of tests to transition to high-thrust idle mode and from high thrust to main
stage.

SECTION il
PROCEDURE

Preoperational procedures were begun several hours before the test period. All
consumable storage systems were replenished, and engine inspections, leak checks. and
drying procedures were conducted. Propellant tank pressurants and engine pneumatic and
purge gas samples were taken to ensure that specification requirements were met.
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Chemical analysis of  propellants was  provided by the propellant suppliers 1 aality
sequence, enginge sequence, and engine abort checks were conducted within a 24-hr tune
pertod before an engine finng to venify the proper sequence of events Facility and engine
sequence checks consisted of venitying the timing of valves and events to be within
spectfied hmuats, the abort checks consssted of electrically simulating engine malfunctions
to venty the occurrence of an automatic engine cutoff signal. A final engine sequence
check was conducted immediately preceding the test period.

Oxidizer dome and thrust chamber jacket purges were initiated before evacuating
the test cell After completion of instrumentation calibrations at atmospheric conditions,
the test cell was evacuated to approximately 0.5 psic. with the exhaust machinery, and
instrumentation calibrations at altitude conditions were conducted Immediately before
loading propellants on board the vehicle, the cell and exhaust-ducting atmosphere was
inerted. At tlus same time, the cell nitrogen purge was initiated for the duration of the
test pertod. The vehicle propellant tanks were then loaded, and the remainder of the
terminal countdown was conducted. Table Vv presents the engine purges during the
terminal countdown and immediately following the engine firing.

SECTION IV
RESULTS AND DISCUSSION

4.1 TEST SUMMARY

Six firings of the Rocketdyne J-2S rocket engine were conducted during test
periods J4-1902-08, -11, and -12 on April 2, May 6, and May 9, 1969, respectively.
Pressure altitude at engine start ranged from 80,500 to 101,500 ft.

The two major objectives for these test periods were (1) to develop high-thrust
idle-mode capability and (2) to develop transition capability from high-thrust idle mode
to main stage without utilization of a solid-propellant turbine starter. A summary of
significant test variables and results is presented below.

Firing J4-1902- 08A 11A 11B 12A 12B 12C

Fuel pump inlet
pressure, psia 33.2 40.1 39.9 4C.0 40.0 39.8

Oxidizer pump inlet
pressure, psia 39.8 38.6 44 .4 396 44 .4 45.0

Main oxidizer
valve first stage

position, deg 12 10 10 i1 11 11

Propellant

utilization valve

position at tg Null Open Null Open Null Null
6
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Ui 341002 U8A HIA B 12A A L
Hot gas tapott

valve open limit,

deg 38 53 53 53 53 53
Fuel bypass hine

ortfice drameter,

mn. 1751 1 749 1.749 1 749 1.749 1749

ldle-mode oxidizer
hine onfice diameter, in. Open 0.900 0900 0900 0.900 0900

Successtul transi-
tion to high-thrust
idle-mode operation No Yes No Yes Yos Yes

Successful transi-
ton to steady-state
main-stage operation! 2 2 2 2 No Yes

I Transition to mamn stage was accomplished without solid-propellant turbine starter burn.

2Transition to main stage was not an objective for this firing

Test requirements and specific test results are summarized in Table VI. Start and
shutdown transient operating times for selected engine valves are presented in Table VII.
Figure 8 shows engine start conditions for propellant pump inlets and helium tank.
Total engine propellant flow rate, mixture ratio, propellant systems performance, and
thrust chamber and fuel injection behaviors are presented in Figs. 9 through 32.

Data presented in subsequent sections are from the digital data acquisition system
except where indicated otherwise. Propellant flow rates are based on pump discharge
temperatures and pressures and on engine flowmeter calibration constants supplied by the
engine manufacturer (5.50 and 2.00 cycles/gal for the oxidizer and fuel flowmeters,
respectively).

4.2 TEST RESULTS
4.2.1 Firing J4-1902-08A

Firing 08A consisted of 20.9 sec of low-thrust idle-mode operation followed by
4.4 sec of high-thrust idle-mode operation. The objective of this firing was to determine
J-2S engine operating characteristics and performance under high-thrust idle-mode
operation. High-thrust idle mode was not successfully accomplished. The scheduled 20 sec
of high-thrust idle mode was terminated prematurely after 4.4 sec when the tapoff
manifold and fuel injection temperatures exceeded established redline limits. Thrust
chamber damage was incurred on this firing, specifics of which are discussed in Section
4.6.1.
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4.2.2 Firing J4-1902-11A

Firing 11A consisted of 10 2 sec of low-thrust adle-mode operation followed by
16.0 sec of high-thrust wdle-mode operation The objective of thas finng was to evaluate
the eftects of ncreasing open position of hot gas tapott valve trom 38 to 53 deg and
reducing oxidizer flow on engine low-thrust and high-thrust dle-mode  operation
Transttion from low-thrust to high-thrust idle mode was successfully accomphshed.
however, steady-state operation could not be mamtained because of fuel turbine icing
problems Details of this turbine wing are discussed in Section 4 3.

4.2.3 Firing J4-1902-11B

Firing 11B consisted of 20.0 sec of low-thrust idle-mode operation followed by
15.0 sec of scheduled high-thrust idle-mode operation. The objective of this firing was to
evaluate the effects of oxidizer pump inlet pressure and delayed prevalve opening on
results obtained during firing 11A with 10 sec of additional low-thrust idle-mode
operation.

Although the scheduled high-thrust idle-mode duration was 15.0 sec, the firing
was terminated a few milliseconds prematurely by an observer cutoff because thrust
chamber skin and hot gas tapoff manifold temperatures exceeded established redline
limits. Analysis of data revealed that the fuel turbine had not operated during the fining
However, the main oxidizer valve did open to its first-stage position as scheduled for
high-thrust idle-mode operation, thus resulting in an abnormally high oxidizer-to-fuel ratio
and an observer cutoff. Posttest engine inspection revealed that ice had formed inside the
turbine assembly.

4.2.4 Firing J4-1902-12A

Firing 12A consisted of 10.1 sec of low-thrust idle mode followed by 12.7 sec of
high-thrust idle mode and 1.7 sec of transition into main-stage operation. The objective
of this firing was to repeat firing 11A with the main oxidizer valve first-stage angular
position increased from 10 to 11 deg. The transition to main stage was not planned for
this firing but was inadvertently obtained when the 15-sec main-stage control timer
expired prematurely after 12.7 sec (Section 4.6.2).

4.2.5 Firinj J4-1902-12B

Firing 12B consisted of 20.5 sec of low-thrust idle-mode operation, 12.6 sec of
high-thrust idle-mode operation, and 0.5 sec of main-stage operation. The objective of
this firing was to evaluate the transition from high-thrust idle mode to main-stage
operation without utilization of the solid-propellant turbine starter. The duration of
high-thrust idle-mode operation for this firing was programmed for 15.0 sec, but the
main-stage control timer again expired prematurely, as was encountered during firing
12A. Main-stage duration was programmed for 5 sec but was terminated prematurely
after 0.5 sec by an observer cutoff when oxidizer pump inlet pressure exceeded
established redline limits (Section 4.6.3).
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4.2.6 Firing J4-1902-12C ;

Firmg 120 comssted ol 201 see of fow-thiust adle-mode operation 12 60 see ol
high-thrust adle-mode operation, and 8 2 see of mamn-stage operation  The objective ot
this firing was to evaluate the transition from Ihagh-throst adle mode to man-stage
operation without utihization ot the sohid-propellant turbine starter Start conditions were
wentical to those of tinmg 2B The programmed Jdurations of hagh-thrust dle-mode and
main-stage operation were 150 and § 0 sec, respectively  However, the mam-stage control
timer problem was encountered as durnng the two previous tinngs Transibion from
fow-thrust to high-thrust dle mode and transition from  ligh-thrust to steads state
main stage without solid-propellant turbine starter burn were successtully accomplished
durmg this firing

4.3 DEVELOPMENT OF J-2S ENGINE TRANSITION CAPABILITY

The mtiar attempt to transition the J-25 engme from low-thrust to high-thrust
idle mode was made during firing 08A. This firing was terminated prematurely 44 sec
after nitiation of high-thrust idle mode when the hot gas tapoff mamfold temnperature
(Fig. 33) exceeded redline lumits. The excessive temperature resufted from inadequate tuel
flow to the combustion chamber when the fuel pump inducer cavitated Cavitation was
attributed to an excessive inducer back pressure at a time when the pump was not
operating under normal design conditions. As a result, fuel recirculated through the punip
causing loss of net positive suction head (Fig 34a) because of the rise in pump inlet
temperature (Fig. 34b). The fuel pump head/flow ratio for the high-thrust idle-mode
transient of firing O08A is compared with firing 11A and two previous mamn-stage
transients in Fig. 34c. As can be observed, head/flow ratios were much higher than
previously recorded. Pressure and temperature data recorded for the fuel pump are shown
in Fig. 34b. The problems developing during this firing were eliminated for subsequent
tests by increasing power to the turbines and reducing oxidizer flow. For test 11. the hot
gas tapoff valve open position was changed from approximately 38 deg (used for test 08)
to the original 53-deg position (Table I). Oxidizer flow was reduced by (1) installation of
a 0.9-in.-diam orifice in the idle-mode oxidizer supply line (line diameter s 1.426 1n ). (2)
reduction of the main oxidizer valve first-stage open position from 12 to 10 deg. and (3)
positioning the propellant utilization valve to open instead of null.

A successful transition from low-thrust to high-thrust idle mode was accomplished
during firing 11A, but steady-state operation could not be maintained because of fuel
turbine icing problems. At approximately ty + 15 sec, the fuel turbine inlet temperature
decreased below 32°F (Fig. 35a), attaining a mimimum value of -7°F at ty + 16 sec A
pump speed decrease began at about this same time. This performance decrease with
increasing fuel turbine internal resistance (percentage pressure drop) indicates probable
turbine icing. During a posttest visual inspection, ice accumulation was observed in the
fuel turbine; posttest fuel turbine breakaway torque was 400 in.-lb. whereas 25 to 20
in.-lb is normal., A momentary increase of oxidizer turbine internal resistance was
observed at approximately ty + 16 sec (Fig. 35b); however, oxidizer turbine speed data
were not recovered, and it is impossible to relate pump speed with resistance change.
A posttest visual inspection indicated no ice formation in the oxidizer turbine.

|
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In an eltort to ehmmate turbine wmng tor test pertod 12, the mam oxidizer valve
firststage position was mereased trom 10 to 11 deg, and a prefire heated gaseous-mitrogen
purge was supphied to the turbime. [here was no mdication that fuel turbimme wang
developed durig twmg 12A (Figs 35¢ and d), but oxudizer turbine 1cng was evident
(Figs 35¢ and 1) From Fig 35c¢, 1t can be noted that atter transition into high-thrust
wle mode, subfreezing temperatures existed mside the oxadizer turbine  Also, oxidizer
turbine nternal resistance exhibited a continuous increase (Fig  351) throughout the
pertod of ondizer pump power decay.

Pump performance parameters recorded tfor finngs 12B and 12C (Figs 35g through 1)
ndicated no obvious trends indicative of e formation. Icing conditions were apparently
alleviated tor these two firings becaus of (1) the propellant utilization valve bemg m null
position (open  for firing 12A), and (2) higher oxidizer pump nlet pressure
(approximately 5 ps1) on finngs 12B and 12C.

[t can be concluded from this series of firings that turbine icing can be expected
in high-thrust idle mode anytime inlet temperature approaches water freezmg point.

4.4 ENGINE SIDE LOADS

Side loads typical of those recorded during low-thrust idle mode, high-thrust idle
mode. and the main-stage mode during the J-2S test firing are presented in Fig. 36.
Side load forces generated were generally insignificant; maximum amplitude observed was
approximately 500 1bf during transition to main stage.

4.5 ENGINE VIBRATION

Engine vibration data were recorded for each firing discussed in this report. The
data revealed that no significant or unusual thrust chamber dome longitudinal vibration
was recorded during these firings. Predominant frequencies and maximum acceleration
levels encountered during high-thrust idle mode and main-stage operation are tabulated
below: however, these frequencies and magnitudes do not represent significant
displacement or power level.

High-Thrust Idle-Mode Main-Stage

Predominant Maximum Predominant Maximum

Frequencies. Amplitude, Frequencies, Amplitude.

Parameter Hz g peak to peak Hz g peak to peak
Oxidizer dome
(UTCD-1) - - 5400 80
Oxidizer dome
(UTCD-2) - - - 5400 65
Oxidizer dome
(UTCD-3) _ —_ 5300 65
10
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Fuel pump

radhal (UFPR) 2500/5300 2258 5400/8100 1100
Fuel turbine 2800/5400/

radial (UFTR) 2600 125 8100 500
Oxidizer pump

radial (UQPR) 2100 90 2200/7400 500
Thrust chamber

throat (UTCT-1) 5200 325 5400/8000 550
Thrust chamber 1700/2600/ 1800/5400/

throat (UTCT-2) 5300 500 8100 600

4.6 TEST ANOMALIES
4.6.1 Engine Damage during Firing 0BA

Posttest firing O8A engine inspection revealed that the combustion chamber had
been damaged in the region approximately 4 to 5 in. downstream of the injector face.
Several of the fuel tubes contained pin-size holes and small cracks (maximum length of
separated area was approximately 1.5 in.). The extent of this damage may be seen 1n Fig
37, which shows postfire photographs taken before the damaged tubes were repaired.
Although the photographs show only a portion of the damaged area, the tube damage
was evenly distributed around the circumference of the chamber. The damaged tubes
were heliarc welded by the engine manufacturer before the next test period: however,
thrust chamber leak checks revealed that small tube leaks were still present after the
welding was performed. The thrust chamber had also been damaged during previous
testing and repaired by the engine manufacturer before delivery to AEDC.

4.6.2 Main-Stage Operation during Firing 12A

Main-stage operation during firing 12A was an unexpected occurrence. Before
firing 12A the main-stage control timer had been set so that the main-stage control
solenoid would be energized 15.0 sec after the main-stage start signal. The main-stage
control timer consisted of a 10-sec facility timer in combination with a 5-sec engine timer
located inside the electrical control assembly. Prefire engine sequence checks verified that
the timer had been set correctly. However, during the firing, the timer expired early at
12.7 sec, thus commanding the engine into main-stage operation. After 1.7 sec of
main-stage operation, an automatic cutoff occurs if oxidizer injector pressure has not
attained a minimum value of 650 *+ 15 psia. Chamber pressure had attained a value of
only 552 psia after 1.7 sec, resulting in the engine cutoff. The early expiration of the
timer combination is believed to have been the result of environmental effects during the
engine firings on the 5-sec timer located inside the electrical control assembly on the
engine. The facility timer is located outside the test cell and not subject to these
influences.

11
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4.6 3 Oxidizer Pump Inlet Fluid Prerotation

Puame 128 was tenmmated prematurely by an observer cutolt when oxidizar
puing mlet static pressure exceeded established redhine hnnts (Fig 38y Posthire analy sis
of the pump mlet pressure data revealed that after approxamately 24 sec ot fngh-thrust
dle-mode operation, an merease m mdicated oxidizer pump mlet statie pressure occurned
A bpse statie pressure meredase occutred over a tume period of approsimately 15 seo The
puip wlet pressure remuamned at this new pressure level throughout the remamnder of
hgh-thrust dle-mode operation Research of oxidizer pump nlet pressure data on
lngh-thrust adle-mode tinngs revealed that this phenomenon had. in tact, occurred on all
of these timgs and was repeatable. However, at the mitiation of mamsstage operation.
the pump mlet pressure data mdicated a pressure drop to 4 value normally expected (hg
RAS|

1he pump nlet pressure increase 1s a result of prerotation of the hquid osygen as
it prepares to enter the mmpeller. Stepanoft (Ret 6) explains that prerotation s
encountered o a centrifugal pump operating at below-design flow rates and that
prerotation  disappears as the pump approaches design flow rate  Assuming that the
pressure difference, during high-thrust 1dle mode, between oxidizer ullage tank pressure
and oxidizer pump inlet pressure is caused by a combination of static head. dynamic
pressure. friction losses, and prerotation, then prerotation at the rate of approximately
340 rpm would produce the changes in indicated pump inlet pressure shown above

SECTION V
SUMMARY OF RESULTS

Three test periods were conducted on April 2, May 6, and May 9, 1969, to
evaluate the J-2S engine operating characteristics during transition from low-thrust idle
mode to high-thrust idle mode (50,000 Ibf) and from high-thrust idle mode to main
stage The results of these tests are summarized as follows:

1. The imtial attempt to transition thc J-2S engine from low-thrust to
high-thrust idle mode (firing 08A) was terminated prematurely after 4.4
sec because of excessive hot gas tapoff manifold temperatures.
Subsequent transitions from low-thrust to high-thrust idle mode were
successfully demonstrated on firings 11A, 12A, 12B, and 12C.

to

. The J-2S engine was successfully transitioned from high-thrust idle
mode to main-stage operation during firing 12C.

3. Fuel turbine icing problems were noted during high-thrust idle-mode
operation on firings 11A and 12A. As a result of ice formation in the
fuel turbine assembly, the pump did not rotate during firing 11B, and a
performance decay was noted during high-thrust idle mode on firing
12A.

4. Side forces generated during these tests were generally insignificant.
maximum amplitude observed was approximately 500 Ibf durning
transition to main-stage operation.

12
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No sginficait of unusual thrust chamber dome longitudinal vihration

was recorded. Vibration recorded at other points on the engine did not
produce either sigmticant displacement or power level

REFERENCES

. Dubin, M., Sissenwine, N., and Wexler, H. (Ed.). U S. Standard Atinosphere, 1962

December 1962.

Muse, W. W. and Kunz, C. H. "Altitude Developmental Testing of the J-2S Rocket
Engine in Propulsion Engine Test Cell (J-4) (Tests 14-1902-05 threugh
J4-1902-07).” AEDC-TR-70- (to be published).

. Collier, M. R. and Pillow, C. E. “Altitude Developmental Testing of the J-2S Rocket

Engine in Propulsion Engine Test Cell (J-4) (Tests J4-1902-09 and J4-1902-10).”
AEDC-TR-70- (to be published).

*J-28 Interface Criteria.” Rocketdyne Document J-7211, October 16, 1967.

. Test Facilities Handbook (Eighth Edition). “‘Large Rocket Facility, Vol. 3.” Arnold

Engineering Development Center, December 1969.

Stepanoff, A.J. Centrifugal and Axial Flow Pumps: Theory, Design, and Application.
(Second Edition), John Wiley and Sons, Inc., 1957.

13




7 —
| PRECEDING PAOX BLANK . NOT FILMED

AEDC TR 70 38

APPENDIXES

I. ILLUSTRATIONS
Il. TABLES
lIl. INSTRUMENTATION

15




" LANK - NOT FILMED

b
o

o

PRECEDING PAG

Lo sy

Ty

SO I Ye)

xajdwoD $-¢ 118D 158t 1 ‘Bt4

) ?
snoased g ..wfik

;ﬁfAXWns " e
yﬂ—ir 4 ...«n:m
mmxo proabT 1 8 S

Py S
Fguas- W,..:;Qm,
L™

.

AWHzmmau b h

‘!\”l!xila.

mncpmasszoo< weals
aanssaxd UStH
" AT 4

28v 1018
JID3EMN




L.

At LAY
G
S b L e
S-1VE
Lloy ot Porte — l%"\l.llt‘hhll)
) Stage
1

o

|4
Hioh Pressute
Stoeanm decurulators

Ve e le
Suppa t
Stand

-&"ﬁ“\
o« e Blast \\.lxlié——‘_f‘-—b
e et

Comeais=N1t11rogen
X'x.h.‘.)! l:l‘\‘\ tot

e J =28 Lnglm:/-_

s\\\;ﬁ '

} Ditfuscr
yclnnxxt

fater
spray
Rings

“—==_Deflector Plate

;=3Water Cooling

I

Manifold

AEDC
66-778

Fig. 2 Test Cell J-4, Artist’s Conception

18




wawabuesly [B19UID ‘ambul SZr € Bty

TR /0 38

At D

SIENTHO pus
ASNUNL

{ q04tNYR aatva
anodin SSVd AQ

1SOVHX D aguvH LSNEHL

=3 . EL ! ) = = 39viIVd
1ana q3nd NivW B e 44\/1 { 10MLNOD
1sn¥YHX3 B N IAYRAING
w39%VHIXI .z S 3INIBYNL »uwﬂ.mnwnwwm h
PS L] " - 3 S e 39VYXIVd
A\ _ A ¥32101X0 ) 1081N03
> 39YA2Ve ¥ 1v21810313
— NOILYLNIRAULSHI =1
= ° \ LHoN4 A7 &
. =\ ﬂ _ 'i { ..-.. ,{_w@ IAIVA
ey
$ROLORUNL = k\ﬁ @ § 300N
#3201 %0 — G ) DN : -310
— Y —-
4 e~ —— | y3vLS INIDENS _ NP & o 1
1NV113408d -01108 N\ Y
« —[® — NI b, — bh D {>
! mc 0 5
an040RdnL 1304 3ATVA AN ot /! b
> 44042 A 7 . 7
= ANYL WAIVIN == 6

IFATVA
o1AvIINNLD

1IN0 _ x__ iong 7 \
111t | vanie 13IM N IAIVA _ ANYT134084
»32101X0 | a3nd == _ = w$3Z2101X0 NI¥YN

R

G

19




AEDC TR 038
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Manifold

a. Thrust Chamber
Fig. 5 Engine Details
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Notes:; 1, The tucl bypass valve was manually oporatod on test
prriods 08 and 11,

2. Thrust "OK™ signal was simulatod on tost peyiods
08 and 11,
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Note:  Thrust "OK" signal was simulated on test period 12,
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Fig. 8 Engine Start Conditions for Propellant Pump Inlets and Helium Tank
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Fig. 11 Propellant System Performance, Firing 08A
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b. Oxidizer Pump Discharge Oxidizer Injection and Combustion Chamber Pressure
Fig. 15 Propellant System Performance, Firing 11A

37




et

Vi Buuig ‘asnjesadwa) uonoafu} |an4 pue umop|iiyd Jequeyd sniyg gL ‘6iy

73S *3IWIL
o€ 02 01 0 0l-
00S-
.\(.‘(I\.}....\(.),\.M(Iu\,\.; <>_ s 00h-
A ,/ ! <>c,§ &
dz-r4L
LN A / ‘JUNLVYId WAL 00€-
— T / V Vi /
- N Lf;)/ NOIL3rNI 13N
/ (035 962°92) AN
¥ 430109 3INION3 \\ \ Y\ 00c-
| | . | | \./ / \
13-1911 ‘JUNIV¥IdWIL—
- :x_u mu_mz,_\:o_;:%bl\\v//J / / 001~
L 11-1000 ‘¥NLv¥Idwal \\ N / /
LYOYHL ¥38WYHD ISN¥HL— | A NEN
1 1 1 1 1 1 s o
(D3S 8v2 '01) NOILVILINI | / ~)
JQ0W-3101 LSN¥HI-HOIH- uL
| | | | | | 001

do ‘3HN1BY3dW3L

38




| m gLt Buung ‘ainssaid Jaquieyd UONSNQuIO) pue Judiquiy aubugz /1 By
| J3S *IWIL
0s Oh 0€ 0c ol 0 ol-
EEERAEEEE RN °
T
m vd u%mm;_n_ 1139 1531 - -
v | =
[ = 108 D
=
- =
_.._‘u 0 ”
WJ«\ | d N i 2
RN —— (035 866 '61) NOILYILINI 3 3
e JAOW-31Q1 L1SNYHL-HIIH 2 mjool
BN £ 5
(035 820 "€) 7 i
&88 INIONT—/ ) -
) <@
m _ e =405l D
| , D
o
T
! |
| h




AEDC TH J0 38

9¢

gLy Buuig4 ‘oney aam

0¢

23S “IWiL

124

81 Al

—t

I~

-

/

L/

X

|

/

/

!

A_

]
1y

3 MO 10l

#

T _
4— (935 866 "6T) NOILYILINI /
JAOW-31a1 LSNYHI-HOIH

s AN

IINE m_%wx_z_ly

1
{
T
i

|

|

X1y pue aley mojd Juejjadoid jejo) suibul 8l 614

0 g-o
0z 12
-—

O
—
x>
o= 17
| g
()
=
09 = 19
=
a_.|
oo
08 = t8
w
g
001 b 0T

A

011vY TYNIXIW

40




AtLTC T J0O 38

100 LIRS A S B S S Y S T A S S S S Y £
;1 FUEL PURP DISCHARGE HIGH-THRUST 1OEF MOt
/1 PRESSURE, PHPD ¢ p | INLHATION 119 995, SEC)
801 t / r'—\ - “J r
/ WYY
/ J T we | j\n/‘ 4 Ww 4
% 60 j}w -t 1T 44— t—1- -t -4- 1+ 1 1+ - 4
o NN N L] | -COMBUSTION CHAMBER _|
! FUEL INJECTION LPRE'”URE» PC-1P
® 40— 1~ PRESSURE, PFJ-1-+ \
0 ~
g \AJ," ] ﬁ/
AL \A{,
20 e wy/
- ENG INE CUTOFF
; NENSw g 65,328 5e0) 1 |\
-10 0 10 20 30 4o
TIME, SEC
a. Fuel Pump Discharge, Fuel Injection, and Combustion Chamber Pressure
200 OXIDIZER PUMP DISCHARGE
PRESSURE, POPD-2 —
i 1 1 i
ENGINE CUTOFF
(35. 628 SEC—
150 OX1DIZER INJECTION \
P;lzﬁslsurlzf,lpolj-zl—‘[\ \ j_,
e —COMBUSTION CHAMBER
$ PRESSURE, PC-1P— | \
. 100 \ V‘\
\ LAY
@ HIGH-THRUST IDLE-MODE Y \
i INITIATION (19,998 52¢) —-7] \ \ / ’
£ AL
A o
" |
0
-10 0 10 20 30 4o
TIME, SEC

b. Oxidizer Pump D..charge, Oxidizer Injection, and Combustion Chamber Pressure

Fig. 19 Propellant System Performance, Firing 11B
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b. Oxidizer Pump Discharge, Oxidizer Injection, and Combustion Chamber Pressure
Fig. 23 Propellant System Perforraance, Firing 12A
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a. Fuel Pump Discharge, Fuel Injection, and Combustion Chamber Pressure
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b. Oxidizer Pump Discharge, Oxidizer Injector, and Combustion Chamber Pressure
Fig. 27 Propellant System Performance, Firing 12B
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b. Oxidizer Pump Discharge, Oxid‘zer Injector, and Combustion Chamber Pressure
Fig. 31 Propellant System Performance, Firing 12C
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Fig. 35 High-Thrust Idle-Mode Turbine Performance
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Fig. 35 Continued
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TABLE |
MAJOR ENGINE COMPONENTS

(EFFECTIVE TESTS J4-1902-08, -11, and -12)

Part Name

Thrust chamber body assembly
Thrust chamber injector assembly

Augmented spark igniter assembly
Ignition detector probe No. 1
Ignition detector probe No. 2
Fuel turbopump assembly

Oxidizer turbopump assembly

Main fuel valve

Main oxidizer valve

Idle-mode valve

Thrust chamber bypass valve

Hot gas tapoff valve
Propellant utilization valve
Electrical control package

Ergine instrumentation package

Pneumatic control package

Restart control assembly

Helium tank assembly

Oxidizer flowmeter

Fuel flowmeter

Fuel inlet duct assembly

Oxidizer inlet duct assembly

Fuel pump discharge duct

Oxidizer pump discharge duct

Thrust chamber bypass duct

Fuel turbine exhaust bypass duct

Hot gas tapoff duct

Solid-propellant turbine
starters manifold

Heat exchanger and oxidizer
turbine exhaust duct

Crossover duct

P/N

99-210620
99-210610-71

EWR113811-21
3243-2
3423-1
99-461500-31
99-460430-21
00-411320 X3
00-411225 X4
99-411385
99-411180
99-411180-X1*
99-557824-X2
99-251455-X5
99-503680
99-503670*
99-503670-11**
99-704641
99-558330
99-503680
NA5-260212-1
251216
251225
409900-11
409899
99-411082-7
99~111082-5
99-411079
307879-11
99-411808-51

99-210921-11

307887
307879

*Denotes instailation pretest J4-1902-11
**Denotes installation pretest J4-1902-12

68

s/

4094439
4087381

4901310
016

003X
RO04-1A
S003-0A
8900881
8900929
8900867
8900806
8900954 *
8900847
8900911
4097867
4098176+*
4097588%**
4097437
8900817
4097867
0002
4096874
4096875
6631788
4052289
439

439

439
2143580
7239768

7216433

2142922
2143592
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TABLE il
ENGINE MODIFICATIONS
(PRETEST J4-1902-08, -11, AND -12)!

Modification Completion Description ot
Number Date Modification

Test J4-1902-07 3/20/69

EWR121099 3/25/69 Installation of new film coolant
orifice (0.581-in.-diam)

EWR121871 3/25/69 Installation of new fuel bypass
line orifice (1.75l-in.-diam)

EWR121881 3/28/69 Installation of 1.584-in. tapoff
valve stop (38 deg)

Test J4-1902-08 4/2/68

EWR121899 4/13/69 Installation of 1.417-in. tapoff
(Pretest 09) |valve stop (53 deg)
EWR121683 5/2/69 Installation of new fuel bypass
(Posttest 10) line orifice (1.,749-in.-diam)
EWR121684 5/2/69 Installation of oxidizer idle-mode
orifice
1 EWR121685 5/4/69 Main oxidizer valve first-stage

open position changed to 10 deg

Test J4-1902-11 5/6/69

£WR121689 5/7/69 Main oxidizer valve first-stage
open position changed to 11 deg

Test J4-1902-12 5/9/69

1Includes all modifications between tests -07 and -12.
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TABLE IV

ENGINE COMPONENT REPLACEMENTS

(PRETEST J4-1902-08, -11, AND -12)!

Replacement

Completion Date

Component Replaced

Test J4-1902-07 3/20/69

[Fuel bypass duct
P/N 99-411079
S/N 439

Ignition detect
probe No, 1

P/N 3243--2

S/N 016

3/25/69

3/27/69

P/N 99-411079
S/N 417

P/N 3243-1
S/N 002

Test J4-1902-08 4/2/69

Oxidizer dome and
injector assembly
P/N 99-210610~-71
S/N 4087381

Fuel bypass duct
P/N 99-411079
S/N 439 "SET"

5/1/69
(Posttest 10)

5/1/69

XEOR 937400
S/N 4087380

XEOR 934887-3
XEOR 934887-5
S/N J-112-1 "SET"

Test J4-1902-11 5/6/69

Electrical control 5/8/69 P/N 99-503670
assembly S/N 4098176
P/N 99-503670-11
S/N 4097588
Test J4-1902-12 5/9/69
1

71

Includes all component replacements between tests -07 and -12.
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APPENDIX Il
INSTRUMENTATION

The instrumentation for AEDC tests J4-1902-08, -11, and -12 is tabulated in
Table I1I-1. The location of selected major engine instrumentation is shown in Fig 1li-1.
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[4
3 UFPR
: (PZAY)
QF-1&3
(PFF)
PFPD-IP
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(PE3)
A,
PFCO-L (cFa)— v \ 3 .
Q) \‘ R ———
| : \| QF-2
| (PFFA)
| /]
|
I —_—
i = 7
| |
! UFTR
/|{ Tza)
=il = %
= | =
L
TFPD-IP - 1254 \ QFBD
TFPD-2p~ i
(PFT1) : TMFVS-2
¥ A TMFVS-|
—’//I " LFVT
:
N
o,
LFBT
A 8

c. Fuel System Sensor Locations
Fig. HI-1 (Continued)
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/UTCD -3

tFZA3)

TOJ

{COTY)

UTCDA

(FZA1) 7
/

4
PCASI-L—

(161) \
N\

POASIJ
POASIJ-LL,

(1c3)

POU-2
(co3a) .
‘ oV

g. Thrust Chamber Injector Sensor Locations
Fig. 111-1 (Continued)
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/~MAIN OXIDIZER INLET
> PFJ-1
POJ-)I—-‘—“ X /:i(’FJ;}L
(CO3 CF ,
PC-1P \.//%PC'ZP
(CG1) ﬁéQQQ g® . PC-2PL

(CG1A-1)

TFJ-2 3
(CFT2a;_———*fii A
> op Q HOT GAS
—= \\>- TAPOFF TO
PIM-L—o o TURBINES
(GG2) NG
™ PFBM
(GGT2) (CF3)
c UTCT-2
\
/——IDLE-MODE
OXIDIZER
INLET 3
TFJ-1P
= (CFT2)
=
C——T
) 1
C >
¢ o ) TFBM
UTCT-1———d ]
\
h. Thrust Chamber Sensor Locations
Fig. 111-1 (Continued)
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ks

1
\ ®
®

(NN-3) = Pmsg-lp

j. Pneumatic Control Package Sensor Locations
Fig. 11-1 (Continued)
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—~THET-IP }
(NNT1) i

; PHET-IP
| (NN1-1)
PHET-2P
(NN1-3)
|
|
\
|
k. Helium Tank Sensor Locations
Fig. 11-1 (Continued)
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I. Fuel Turbine Sensor Locations
Fig. 111-1 (Continued)
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m. Oxidizer Turbine Sensor Locations
Fig. 111-1 (Continued)
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n. € " oad Forces Sensor Locations !
g. I11-1 (Continued) j
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l ‘¢ ﬁ‘vA“ ‘W l
l ]
1 1]
- ]
———FUEL PUMP
(SHOWN FOR
REFERENCE)
TA4 A ZTA 2
OXIDIZER PUMP
(SHOWN
FOR REFERENCE)
VIEW
LOOKING NORTH CALLED
NORTH
0 |
FUEL PUMP
(SHOWN FOR

REFE)RENCE

OXIDIZER PUMP INSTRUMENTATION
(SHOWN FOR CABLE TRAY
REFERENCE

ONLY)

p. Test Cell Ambient Temperature Sensor Locations
Fig. 111-1 (Continued)
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FUEL TANK - LH2
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B Battleship Sensor Locations
Fig. 11 (Continued)
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AEDC
Code

1CC
IIC
EASIS -1

EASIS-2

EHGTC
EHGTO

EID
EIDA-1

EIDA-2
EIMCS
EIMVC
EIMVO
EMCO
EMCS

EMFVC

EMPFVO
EMOVC

Tap
Parameter No.
Current
Control
Ignition
Event

Augmented Spark Igniter
No. 1 Spark

Augmented Spark Igniter
No. 2 Spark

Engine Cutoff lockin
Engine Cutoff Signal
Engine Ready Signal

Engine Start Command
Programmed Duration Cutoff

Fuel Bleed Valve Open
Limit

Fuel Pump Overspeed
Cutoff

Fuel Prevalve Closed Timit
Fuel Prevalve Open Limit

Helium Control Solenoid
Energized

Hot Gas Tapoff Valve
Closed Limit

Hot Gas Tapoff Valve
Open Limit

Ignition Detected

Ignition Detect Amplifier
No. 1

Ignition Detect Amplifier
No. 2

Idle-Mode Control Solenoid
Energized

Idle-Mode Valve Closed Limit
Idle-Mode Valve Open Limit
Main-Stage Cutoff Lockin
Main-Stage Cutoff Signal

Maine-Stage Control Eolenoid
Energized

Main Puel Valve Closed
Limit

Main Puel Valve Open Limit

Main Oxidizer Vaive Closed
Limit

TABLE I1-1
INSTRUMENTATION LIST

Range

PPN

to 30

L BN = ]

to 30

on/Off

on/off

on/off
Oon/0ff
on/0ff
on/off
on/0ff
on/off

on/off

on/Off
On/Off
on/0ff

on/Of¢f

on/0ff

on/0ff
on/0ff

on/off

on/off

on/Off
on/off
~n/off
on/off
on/off

On/Off

on/oft
on/off

Diqital
Data
System

94
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TABLE i {Continued)

Drgital
AEDC Tap pata Maqnetic Uscilios Gerip  tvent ¥
,L_od_e_ Parame ter Ne» Range dyatem Tane gr aph Chart Ket ordes viotter
Fvent
EMOVO Main Oxudrzer Valve op/0ff x
Open famit
FMp-1 No. } Main staae BORT on’/off X X X
pressurized
EMPCO Main-staqe prassure on/0Off x
cutoff signal
FMS Maine=stage ntart s1gnal on/off x
FMSCO MHain=~Stage programmed on/0f € %
puration Cutoff
FMSS tain=Stage start Gonlenord on/0f € X x % %
Fnergized
EQOBVO oxidizer Bleed Valve on/0ff %
open Limit
EXCO Observer cutoff 51gnal on/0Off b3
£OPCC oxidizer Pump pverspeed on/0ff x
Cutoff Signal
EOPVC oxidizer prevalve Closed an/0ff 3 X
Limit
EQOPVO oxidizer prevalve Open on/0f€ x x
Limit
£O0TCO Fuel Turbine Over~ on/0ff x
temperature cutoff
ERAS1S-1 Augmented spark Igniter on/0fE X
No. 1 Spark Rate
ERASIS-2 Augmented spark Igniter on/Off 3
No. 2 Spark Rate
ESTCO syart "OK" Timer cutoff on/0££ x
Signal
E£TCBC Thrust Chamber Bypass on/0ff x
valve Closed
£TCBO Thrust Chamber Bypass on/0f£ x
valve Open
£VSC~1 vibration gafety Counts on/0ff x
Nos 1
gvsSC-2 vibration safety Counts on/0ff X
No.
EVSC-3 vibration Satety Counts on/0ff %
No. 3
Flovs gem
Qr-1 Engine fuel PFF 0 to 11,000 X
QF-2 Engine Fuel PFFa 0 to 11,000 X x X x (V)
QF-3 Engine Fuel j333 0 to 11,000 x
Qo-1 Engine oxaidizer POF 0 to 3,600 %
Q-2 Engine oxidizer pora 0 to 3,R0N0 X% X b3
Qo-3 Engine oxidazey POF o to 3,600 X
rorces 1bf
rsp-1 si1de Load (prtch) tZ0,00D X %
FSY-1 side Load (Yaw) :20,000 x %
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AEDC
Code

rTCEp (1)

LrBT

LrvVT

LIMT

LPUTOP

LvT

PA-1
PA-2
PA-3
PC-1P
PC-2P

PC-2PL

PCASI1

PCASI-L

PFBM
prco(l)
PFCO-L
PFCVI
PFCVI-L
PFCVT
PFCVT-L

PFJ-1
PPJ-1L

PPMI

TABLE I111-1 (Continued)

Tan
Parameter No

Heat Flux
Radiaticn Thrust Chamber

Exhaust Plure
Position

Thrust Chamber
Bypass Valve

Main Fuel Valve

Idle-Mode/Augmented
Spark lgniter
Oxidizer valve

Main Oxidizer Valve

Propellant Utilization
Valve

Hot Gas Tapoff Valve

Pressure
Test Cell
Test Cell
Test Cell
Thrust Chamber CGl
Thrust Chamber CGla-1
Thrust Chamber CGla-1

Augmented Spark
Igniter Chamber

Augmented Spark
Igniter Chamber

Thrust Chamber CF3
Bypass Manifold

Film Coolant CF4
Orifice

Film Coolant CF4
Orifice

Film Coolant CF7
Venturi Inlet

Film Coolant CF7
Venturi Inlet

Film Coolant CF6
Venturi Throat

Film Coolant CFé
Venturi Throat

Fuel Inj~ction CF2

fuel Injection CF2

Fuel Jacket Mani- CFl
foird Inlet

Digital
Data

Range  System
_~
sr-cm!
0-4 X
Percent
OES" -
0 to 100 x
0 to 100 x
0 to lon x
0 to 100 x
5 volts X
0 to 100 x

psia
0 to 0.5 X
0 to 1.0 X
0 to 5.0 x
0 to 1500 X
0 to 1500 x
0 to 50 X
0 to 1500 X
0 to 500 x
0 to 1500 X
0 to 2000 x
0 to 500 x
0 to 2000 x
0 to 50 x
0 to 2000 x
0 to 50 x
0 to 500 x
0 to 50 x
0 to 200C x

96

Maqgretic

Tape

Oscillo- Strip
graph  Chart

X x
b3
X X
x X
X
X
X

Fvent

Recorder

x-Y

Plotter
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AEDC
Cole

PFMI-L
PFPBC
PFPBS
PFPD~1L
PFPD-1P

PFPD 2
PFPI-1
PPP1-2
PFPI-3

PFPRB

PFPS
PFPSI

PFTI-1P
PFTO
PFTSC

PFUT
PFVC
PEVI
PFVL

PHEA
PHES

PHET-1P
PHET-2P

PHRO-1P

PNODP

Parameter

Fuel Jacket Mani-
fold Inlet

Fuel Pump Balance
Piston Cavity

Fuel Pump Balance
Piston Sump

Fuel Pump Discharge

Fuel Pump Discharge

Fuel Pump Discharge
Fuel Pump Inlet
Fuel Pump Inlet
Fuel Pump Inlet

Fuel Pump Rear
Bearing Coolant

Fuel Pump Inter-
stage

Fuel Pump Shroud
Inlet

Fuel Turbine Inlet
Fuel Turbine Outlet

Fuel Turbine Seal
Cavity

Fuel Ullage Tank

Fuel Repressurization
at Customer Connect
Panel

Fuel Repressurization
Nozzle Inlet

Fusl Repressurization
Nozzle Throat

Helium Accumulator

Helium Supply

Helium Tank

Helium Tank

Helium Regulator
Outlet

Oxidizer Dome Purge
at Customer Connect
Panel

TABLE 1111 {Continued)

Tin
No .,

CF1

PFS

PF4

PF3

PF3

PF2

PF1

PFla

FF7

PF6

TGl

TG10

KHF1

KHF2

NN3

NN1
-1

NN1
-3

NN2

0

0

AEDC TR 70 38

bigital

Nata Maqnetic Oscillo- Strip Fvent r-yY
Range System Tape graph Chart Recorder Plotter
psia
to 50 X
to 2000 b3 x x

1

to 1000 X x x
to 50 b3
to 2500 X *x
to 500 X x x x(1)
to 100 X x
to 100 X x
to 100 x x x
to 1000 x x{1)
to 200 x x
to 2500 x
to 1000 X x
to 200 x
to 500 x
to 100 x
to 2000 x
to 2000 x
to 1000 x
to 750 X
to 5000 x
to 5000 b3 x
to 5000 X
to 750 x
to 750 x

/
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TABLE 11I-1 (Continued)

Digital
. AEDC Tao Data Magnetic Oscillo- Strip Fvent x-Y
Code Parameter No, Range System  Tape graph  Chart Recorder FPlotter
2
Fressure psia i
POASIJ Augmented Spark 103 0 to 1500 b3 x
‘ Igniter Oxidizer
Injection
PCASIJ-L  Augmented Spark 103 0 to 50 x 1
Igniter Oxidizer
Injection
POIML Oxidizer Idle Mode PO10 O to 2000 x
Line
POIML-L Oxidizer Idie Mode PO10 0 to 50 X
Line
POJ-1 Oxidizer Injection CO) 0 to 500 x
POJ-2 Oxidizer Injection CO3a 0 to 1500 x x
F POJ-3 Oxidizer Injection CO3b 0 to 5000 x
K] Manifold
poPBC Oxidizer Pump Bear- PO7 0 to 500 x x
ing Coolant
POPD-1L Oxidizer Pump PO3 0 to 50 x
Discharge
3 POPD-1P Ooxidizer Pump PO3 0 to 2500 X
- Discharge
b POPD-2 Oxidizer Pump PO2 0 to 500 x x x
E Discharge
POPI-1 Oxidizer Pump Inlec POl 0 to 100 X x
POP1-2 Oxidizer Pump Inlet 0 to 100 x X
POPI-3 Oxidizer Pump Inlet POla 0 to 100 x x x
POPSC Oxidizer Fump PO6 0 to S0 x
Primary Seal Cavity
\ POTI-1P Oxidizer Turbine ™3 0 to 200 x
) Inlet
POTO-1P Oxidizer Turbine T™G4 0 to 100 x
Outlet
POUT Oxidizer Ullage Tank 0 to 100 x
PPTD Photocon Cooling 0 to 100 x
Water (Downstream)
PPTU Photocon Cooling 0 to 100 x
wWater (Upstream) %
PPUVI Propellant Utiliza- PO8 0 to 2000 x i
tion valve Inlet }
PPUVO Propellant Utiliza- P09 0 to 1000 x
tion valve Outlet :
PTCFJP Thrust Chamber Fuel 0 to 200 x
3 Jacket Purge
= PTEM Turbine Exhaust 65 0 to 50 x
E Manifold
PTM Tapoff Manifold GG2b 0 to 1500 X
PTM-L Tapoff Manifold GG2b 0 to 500 x x
Speeds pm
NFPP-1 Fuel Pump PFV 0 to 133000 x
NFP-2 Fuel Pump PFV 0 to 33000 X x(3}
. NFP-3 Fuel Pump PFV 0 to 33000 x
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A (HTY o R

TABLE HI-1 (Continued)

[YTNTPa

Draital
AEDC Tan Data Maqre ye Neey1llo-  Stran Fyent R
h Cl\_x}_x!_ Parameter No., Pange aysten _ T graovh (hart Fecorder F)otrer
Speeds rom
. 2pgee n
NOpP-1 Ox1lizer Pumn POV 0 to 12900 x
NOP 2 oxidizer "umn POV 0 to 12009 x x(3)
NOP-3 oxidizer Pumn POV 0 to 12000 X
Temneratures °r
TA-1 Test Cell North -50 to 800 x
TA~2 Test Cell Fast ~50 to 800 x
TA-3 Test Cell South ~-50 to 80N x
Ta-4 Test Cell West -50 to 800 x
TECP-1P Electrical Control NSTla -In0 tH 20N X
Assembiy
TPAS1J Augmented Spark IFT2 ~425 to 100 x x
Igniter Fuel
Injection
TFBM Fuel Bypass Mani- GG2b -425 to 100 x
fold
TFCO Film Coolant IFT1 -42% to -375 x
orifice
.
TFD-Avg. Fire Detection 0 to 1001 x x
Average
TFDFTA Fire Detect Tuecl n to 500 x
Turbine Mani-
fold Area
TFDMFVA Fire Detect "ain N to 500 x
Fuel Valve Area
TFDMOVA Fire Detect Main 0 to 500 x
Oxidizer Valve
Area
TFDODA Fire Detect Oxi- 0 to 500 x
dizer Dome Area
TFDTDA Fire Detect Tap- 0 to 500 x
off Duct Area
TFJ-1P Fuel Injection CFT2 -425 to x x
-300
TFJS=-2P Fuel Injection CFT2a -425 to 100 X x x
TFPBS Fuel Pumo Bal- PFT4 -425 to -375 x x
ance Piston
Sumn
TFPD-1P Fuel Pumn Das- PFT1 -425 to -300 X x
charge
TPPD~2P Fuel Pumn Dis- PrT1 -425 to 100 x
charge
TFPI-1 Fuel Pumvp Inlet KFT2 -425 to -400 X x
TFPI-2 Fuel Pumn Inlet KFT2a -425 to 100 x x
TFPRS-1 “uecl Pumo Rear ~400 to 1800 x
Sunnort
TFPRS-2 Fuel Pumn Rear =400 tn 1800 x
v Supnort
TEFPRS-3 ruel Pumn Rear -400 to 1810 X
Sunport
TFRT-1 Fuel Run Tank -425 tn -400 x
TFRT-3 Tuel Pun Tank -425 to -40n x
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TABLE -1 {Continued)

Mrortal
NEDC " Dita Ttagnet 1 we1llo Serap Fvent L §
Unzk Paraneter sy Wange Gystem " w yraph Crart Recorder Pilotter
Tmreratures o
TFTI lp fuel "erhine 3 N to, 18090 N
Irlet
"FTL O3 “uel Purbine e 31NN to 2400 x X
Inlet M
rrTI- 444} ruel Turbine w2 I to 2000 x x
Inlet
rrTo (4) fuel Turbine ae 1IN0 ta 1209 >
Mutlet
TFVCE Fuel Meoress -0 to -100 X
it Justomer
Connect Ponel
TFVL Fuel Peoress ®urT ~IN0 to -1N0 x
Nozzle Inlet
"‘HF“,L(Z, Holium Tant 0 to 15v x
Sionly Line
THET-1P Helium Tann NNTL -200 to 150 x x
THETS-1 Helium mank 1 ta 500 x
Surface
THITS-2 flelrum ™ink 0 to 500 X .
Surface
TMFVS-1 Main Tuel Talve -425 to 100 X
S¥in (Muter
ally
TMFVS -2 Main "mel Milve -425 to 100 x
S'1n (Inrer
wWall)
T™HODP Oxidizer Dome =250 to 200 x
Purge at Customer
Connect
TOIvL Oxidizer ldle- POTS =300 tn 100 x
“nde Line
NI Oridizer Irtec. C(OT1 -300 to 1200 x x
TOPBC Oxidizer Pumo POT4 -300 to -250 x x
Rearing Cool~
ant
TOPD-1P C<1dizer Puio PCT3 -300 to -250 x
Discharge
TOPD-2P Nxidizer Pumn POT3 =300 to 100 x
Discharge
TOPI-1 Nxidizer Pumn ROT2 -310 to -250 x X
Inlet
~OPI-2 Nxidizer Pump KOT2a -310 to 100 x x
Inlet
TORT-1 Oxidizer Run -300 to -285 x
Tank
TORT-3 N~idizer Run -300 to -285 x
Tank
TOTI-1P nxidirzer Tur- THRT3A 0 to 1200 X
hine Inlet
TOT™~1 Nxidizer Tur- ~-300 to 1000 X
bine “anifold
TOT™-2 Oxidizer Tur- -300 to 1000 x
hine ‘fanifold )
~OTO-1P Nxidizer Tur- TATA 0 to 1000 x
bine Nutlet

100




AEDC
Code

TPIP-1P

TPTU

Trers-¥ 3
rrc1s-3Y)

‘!“I‘CIS-\JU)

TICT-E2
TTCT-TL

TTCT-T2

UFPR

UOPR

UTCD-1
UTCD-2
UTCD-3

UTCT-1

VCB

VIDA-1

VIDA-2

AEDC-TR-J0 38

TABLE ili-1 {Conciluded}

Digital
Tan Data ffagqnetic Nacyillo- Strip Tvent sy
Parameter No. Range Systen  Tane aranh. Chart “ecordcr yl!gtcr
Temperatures °r
Instrumentation =300 to 200 X
Package
Photocon Cnoling 0 to 300 x
Water
(Unstream)
Thrust Chamber ~300 to 1500 X x(2)
Internal Skin
Thrust Chamber -300 to 1500 x
Internal Skin
Thrust Chamber ~300 to 1500 X
Irnternal Skin
Thrust Chamber =250 to 200 x
Purge
Thrust Chamber -425 to 500 x
Tube (Exit)
Thrust Chamber ~425 to 500 x
Tube (Exit)
Thrust Chamber -425 to 500 x x
Tube (Throat)
Thrust Chamber -425 to 500 x
Tube (Throat)
Tapoff Manifold 0 to 2000 x x x(3)
Vibrations g's
Fuel Pump PZA-1 450 Peak x
Radial
Puel Turbine TZA 450 Peak x
Radial
Oxidizer Pump PZA-2 300 Peak x
Radial
Thrust Chamber FZA-la 100 Peak x x
Dome
Thrust Chamber F2ZA-2 100 Peak x x
Dome
Thrust* Chamber FZA-3 100 Peak x x
Dome
Thrust Chamber 300 Peak %
Throat
Thrust Chamber 300 Peak x
Throat
Voltage volts
Control Bus 0 to 36 x
Ignition Bus 0 to 36 x
Ignition Detect 9 to 16 x
Amplifier
Ignition Detect 9 to 16 x
Amplifier
Prooellant Utiliza- 0 to 5 x

tion Valve Telem-
etry Potentiom-
eter Excitation

Employed on Tests J4-1902-11 and -12
Employed on Test J4-1902-08 only

Employed on Tésts J4~1902-08 and -11 Only
Emoloyed on Test J4-1902-12 Only

Employed on Test J4-1902-11 Only
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